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Abstract 
This thesis is focused on three areas: (i) synthesis and structural 
characterization of transition metal complexes containing 2,6-lutidine-functionalized 
bis(phosphoranoimine) ligands, (ii) synthesis and structural characterization of a 
2,6-lutidine-functionalized bis(phosphoranoimido)zirconiuin(IV) complex and (iii) 
synthesis and structural characterization of 2,6-lutidine-functionalized 
bis(phosphoranoimido)samarium(III) complexes. 
Chapter 1 describes the synthesis and characterization of lithium compounds 
[{Li(Me3SiNPR2CH)(Me3SiN=PR2CH2)}C5H3N-2,6] (R = Ph, 36; R = Pr', 37). 
Compounds 36 and 37 have been structurally characterized by X-ray crystallography 
and spectroscopic methods. Transition metal complexes [MCI {(Me.iSiNPPhiCH)-
(Me3SiN=PPh2CH2)}C5H3N-2,6] [M = Mn (38), Fe(39), Co (40)] and 
[MnCl{(Me3SiNPPr'2CH)(Me3SiN=PPr'2CH2)}C5H3N-2,6] (41) have been prepared 
by metathesis reaction of 36 and 37 with the corresponding transition metal(II) 
chloride. Compounds 38，40 and 41 have been structurally characterized by 
spectroscopic methods and X-ray crystallography. 
Chapter 2 describes the synthesis and characterization of a 
2,6-lutidine-functionalized bis(phosphoranoimido)zirconium(IV) complex, 
[Zr{(Me3SiNPPh2C)(Me3SiN=PPh2CH2)C5H3N-2,6}(NMe2)2]. Compound 46 has 
ii 
been structurally characterized by spectroscopic methods and X-ray crystallography. 
Chapter 3 describes the synthesis and characterization of samarium(III) 
compound [Sm{{(Me3SiNPPh2CH)2}C5H3N-2，6}(iLt-Cl2)Li(THF)2] (56). It was also 
found that [Sm{{(Me3SiNPPh2CH)2}C5H3N-2，6}(pt-Cl2)U(THF)2] (56) and 
[Sm{{(Me3SiNPPr'2CH)2}C5H3N-2，6}2(/x-Cl)]2 (57) can be obtained by a "one-pot" 
reaction. Addition of two equivalents LiBu" to a mixture of SmCls and 
[(Me3SiN=PR2CH2)2C5H3N-2，6] (R = Ph, Pr') yielded compounds 56 and 57， 
respectively. These compounds have been structurally characterized by spectroscopic 







(Me3SiN=PR2CH2)}C5H3N-2，6] (R = Ph, 36; R = Pr', 37)的合成。2-(三齒膦亞胺亞 
甲基)鹼金屬化合物36和37與無水過渡金屬氯化物MC12 [M = Mn, Fe，Co]進行 
反應’從而產生[MCl{(Me3SiNPPh2CH)(Me3SiN=PPh2CH2)}C5H3N-2，6] [M = Mn 
(38)，Fe(39), Co (40)]和[MnCl{(Me3SiNPPr'2CH)(Me3SiN=PPr'2CH2)}C5H3N-2，6] 
(41) °晶体衍射証明了 38，40，41的分子結構。 
第二章介紹2-(三齒膦亞胺亞甲基)配体的鎬金屬有機化合物的合成與結構 
表征。2-(三齒膦亞胺亞甲基）與Zr(NMe2)4進行氣消除反應得到含胺基化合物 
[Zr{(Me3SiNPPh2C)(Me3SiN=PPh2CH2)C5H3N-2，6}(NMe2)2] (46) ° 
第三章介紹三齒膦亞胺配体的鈔金屬有機化合物的合成與結構表征。膦亞 
胺雙驗金屬化合物[Li2{{(Me3SiNPPh2CH)2}C5H3N-2，6}(THF)] (55)與無水鈔氯 
化物 SmCl3 進行反應得到[Sm{{(Me3SiNPPh2CH)2}C5H3N-2，6}(iLt-Cl2)Li(THF)2] 
(56) ° 此外，化合物[(Me3SiN=PR2CH2)2C5H3N-2,6] (R = Ph, Pr ')與無水彭氯化 
物和兩倍丁基鋰反應得到[Sm{{(Me3SiNPPh2CH)2}C5H3N-2,6}(iLt-Cl2)Li(THF)2] 
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CHAPTER 1 
SYNTHESES AND CHARACTERIZATION OF 
BIS(PHOSPHORANOIMIDO)LITHIUM AND LATE TRANSITION METAL 
COMPLEXES 
1.1 Introduction 
1.1.1 A General Review of Bis(Phosphoranoimido) Ligands 
Iminophosphorane complexes have been studied by Studinger and Meyer in 
1919. The general structural of iminophosphorane, R3P=NR, can be described as a 
resonance hybrid between a double-bonded ylene and a dipolar ylidic form R3P+-N-R 
1 0 
(Figure 1.1). ’ They are reactive towards both electrophilic and nucleophilic reagents, 
due to the inherent polarity of the phosphorus-nitrogen bond. 
\ e e \ 
" 7 P - N \ ^ ^ 7 P = N \ 
I II 
Figure 1.1 
There are mainly two synthetic routes leading to iminophosphoranes: the 
Staudinger reaction and Kirsanov reaction. In the Staudinger reaction, tertiary 
phosphine reacts with organoazides with the elimination of dinitrogen (Scheme 1.1).' 
1 
\ e e -N2 \ 
R — — P + N = N ^ N — — R • R " - P = N / / K 
Scheme 1.1 
In the Kirsanov reaction, the dihalophosphoranes (X = CI, Br) react with 
primary amines in the presence of an auxiliary base to give iminophosphoranes 
(Scheme 1.2).^ 
R X H R 
R ^ p / + 3 > — R . 
/ \ H / � 
Scheme 1.2 
The iminophosphorane and phosphoranylimido ligands, as well as their metal 
derivatives, have drawn considerable attention in recent years. Iminophosphorane has 
been used as a ligand in main group and transition metal chemistry with different 
binding modes. Dehnicke and co-workers have characterized a wide variety of simple 
iminophosphorane derivatives where the iminophosphorane ligand act as a 
monodentate ligand via the lone pair at the nitrogen centre to form various metal 
complexes (Figure 1.2).^ 
2 
c i \ z 
Ph3P=N——Li P h 3 P = N N = P P h 3 
M 
c / 
M = Al, Ga 
CI 
CI CI 
/CI \ / / / G e 
P h 3 P = N一G e ^ ^ i Ph3P=N：^ 二 N = P P h 3 
/ Ge 




Different functionalized phosphoranoimines have been developed and the 
coordination chemistry of these phosphoranoimines has attracted much attention. 
Transition metal complexes and main group metal complexes have been derived from 
these phosphoranoimines. For examples, transition metal complexes, 
[MX2{CH2(R2P=NAr)2}] (M = Co, Ni; X = CI, Br; R = Ph, Me; Ar = CeHzMea, 
CcHsPr'z, Ph, C6H3Me3) [1]^ [MCl2{C5H3N(Ph2P=NAr)2-2，6}] ( M = Fe, Co, Ar = 
CgHzMcs) [2]5 and [(R3PNSiMe3)AlMe3] (R = Pr'，Ph, Cy) [3]6，have been reported 
(Figure 1.3). Some of the non-metallocene complexes are active catalysts in the 
polymerization of olefins. Fro example, the cobalt complexes 
[CoX2{CH2(R2P=NAr)2}] (X = CI, Br; R = Ph, Me; Ar = CeHzMej, CsHsPr'z，Ph, 
C6H3Me3) [1] have been proved to possess modest ethylene polymerization activity.^ 
3 
R \ h2 z 
Z P Z C � P \ Me3Si\ 严 
R I R \ / 
N. ^N Ph2P, \ n , \pph2 .N-^-AI—Me 
ArZ M \Ar | R — p f Me 
c/ Ar^N^^A 一 S / \ 
/ \ K 
M = Co, Ni CI CI 
X = CI, Br R = Pr', Ph, Cy 
R = Ph, Me M=Fe’Co 
Ar = C6H2Me3, CeHsPri?，CsHsMes Ar = C s H j M e � 
1 2 3 
Figure 1.3 
The acidic methylene proton on the P-alkyl phosphoranoimines ligand can be 
deprotonated by organo alkali-metal reagents or Grignard reagents. Among all of 
these compounds, CH2(PPh2NSiMe3)2 [ 4 ] has drawn much attention by several 
research groups. The methylene backbone in 4 is acidic enough to be deprotonated. 
The monoanionic [{CH(PPh2NSiMe3)2}1 [5]^  and dianionic [{C(PPh2NSiMe3)2} '^] 
[6]8’9，were synthesized by using appropriate alkali-metal reagents (Figure 1.4). 
\ / H 7 
R II I R R i ( 1- )T R R ^ l ( 2- ) | \ R 
NR NR NR NR NR NR 
4 5 6 
Figure 1.4 
4 
The monoanionic ligand act as a supporting ligand in main group and transition 
metal and lanthanide metal chemistry. For examples, alkali metal complexes, 
[Li{HC(R2P=NSiMe3)2-C"’Ar}L] (R = Ph, L = THF [7]^ R = Cy, L = EijO [8]'), 
[M{HC(Ph2P=NSiMe3)2_A^’An(THF)2] (M = Na [9]^ K [lOf) and 
[HC(Ph2P=NSiMe3)2MgI(THF)] [ l l ] � � h a v e be n reported. The metathesis reaction of 
alkali-metal salt of bis(phosphoranoimido)methane with corresponding transition 
metal chloride and lanthanide metal chloride, a series of monoanionic metal 
complexes have been synthesized. For example, transition metal complexes, 
[{(HC(Ph2P=NSiMe3)2)Cr( /z -CI)} 2] [12]"， [{HC(Ph2PNC6H2Me3-2，4，6)2}-
MN(SiMe3)2] (M = Mn [13]i2，Fe [14]i2，Co [15]^^); lanthanide metal complexes, 
[{[HC(Ph2P=NSiMe3)2]MCl2}2] ( M =Y [16]i3, Sm [ 1 7 f \ D y Er [19]") have 
been reported (Figure 1.5). 
5 
R C R P \ P \ Ph z C \ z P h 
� p Z pC^ Ph^ Ph ) p Z P � 
R I丨 Li 丨丨 R Z N � Z N \ Ph l | , g j l Ph 
MegS^ SiMea JHF THF MeaSi^ I THF SiMea 
R = Ph,L = THF 7; M = N a 9 ; K 1 0 11 
R = Cy, L = Et20 8 
H H 
PhjpZ ^PPh2 Ph2P^ ^PPh2 
H 
MegSi^^^cr"^^^SiMea phjP^ "^PPh? M e g S i ^ ^ g i M e a 
/ \ / 
CI >1 M CI /CI 
\ / z N � i v t Z N \ C l ^ / 
Me3Si\ /^Cr^ Me3 Me�& M SiMes MeaSi^^,/-'' 




12 M = Mn 13, Fe 14, Co 15 M = Y 1 6 , Sm 17, 
D y l 8 , E r l 9 
Figure 1.5 
The dianionic species can be generated by the reaction of neutral 
bis(phosphoranoimido)methane with suitable metal precursors to form some 
carbene-like complexes with a series of transition metals and lanthanide metals. 
Cavell and coworkers have reported the synthesis of dilithiated salt, for example, 
[Zr{C(Me2P=NSiMe3)2}2] [20]^ ^ [MCl2{C(R2P=NSiMe3)2}] (M = Zr, Hf, Ti; R = Cy， 
Ph) [21]i5， [Zr{C(Ph2P=NR)2}(CH2Ph)2] (R = Ad, SiMes) [22]^^ 
6 
[Sm{C(Me2P=NSiMe3)2(NCy2)(THF)] [23]^ ^ (Figure 1.6). The dilithiated complex 
can be synthesized by double deprotonation with alkyl lithium, MeLi and PhLi, in 
toluene.8，9 dilithiated salt, [(Ph2P=NSiMe3)2CLi2] [24], is a good ligand transfer 
reagent towards transition metal. For examples, the synthesis of [MCI2-
{C(R2P=NSiMe3)2}] (M = Ti，Zr) [25]'\ [Cr{/x-C(R2P=NSiMe3)2}] [26]^^ 
[{Cr2(iLi-Cl)2{/x-C(R2P=NSiMe3)2}(LiCl) (THFM2] [27]^ ^ have been reported (Figure 
1.7). 
SiMeg SiMeg 
Me, / I , , R /SiMe3 
\ ^ N N Me \ / 
C = Z r = C ^^ C — M ^ 
M e \ / / \ \ p � e / � 1 
, , / N N Me R , \ 
Me \ \ SiMea 
SiMea SiMeg 
20 21 
‘ M = Zr, Hf, Ti; R = Cy, Ph 
R Dh SiMe^  
Ph z p h \ / 
\ p — f / 
Q — C Sm 
Ph. / I \cH2Ph Ph I f \NCy2 





Me Me Me Me 
\ / \ / 
MesSi. /SiMe3 Ph SiMe] 
N 二 P = N 
Ph I 
c = 卜 C I 
N P h � p 二 J 
M e s S i , \s iMe3 P h Z \ i M e 3 
Me Me Me Me 
24 25 
M = Ti, Zr 
SiMea 
人 八 广 F 
Ph2 Ph2 … / C r , L i � T H F 
M e 3 S i \ Z \ Z � Z S - 3 Ph2P / Y 
> r ( Ph2P( \ Z � 八 pph2 
M e 3 S i Z � Z \ Me3SizN 、 丨 〉 




1.1.2 Synthesis of Bis(Phosphoranoimido)metal Complexes 
Our group is using the phosphoranoimine ligand system to synthesize group 14 
metal complexes and study its coordination chemistry. It has been known that the 
phosphoranoimine anionic species are Lewis-base donors to main-group metals and 
transition metal. Recently, our group has reported the synthesis of two sterically 
hindered phosphoranoimines: iminophosphorano(pyridyl)methanide and 
8 
2,6-lutidine-functionalized bis(phosphoranoimine) (Figure 1.8). 
A 八 1 丫『 
/ \ NSiMeg 
R2P\ � 
NSiMe3 MegSiN 
R = Ph, Pr' R = Ph, Pr' 
Figure 1.8 
The iminophosphorano(pyridyl)methanide consists of a P=N fragment linked 
together by a pyridine ring at 2-position. Several transition metal complexes have 
been derived from this ligand. The iminophosphorano(pyridyl)methanide coordinated 
to the metal center in A/； A'''-chelate fashion. For example, 
[M{(2-CH2Py)PR2=NSiMe3}Cl2] (M = Fe, Co; R = Ph, Pr') [28], 
[Cu{(2-CH2Py)PPh2=NSiMe3}Ih [29], [Cu{(2-CH2Py)PPr'2=NSiMe3}I] [30] have 
been synthesized and structural characterized (Figure 1.9).^ ® 
9 
a p 卩 
II V II 
M e s S i N � ^ N ^ ^ ^ M M e g S i N � ^ N ^ 
M ^ ^ ^ r ^ ^ N ^ ^ N S i M e s Cu 
CI CI I 
28 29 30 
M = Fe, Co;R = Ph, Pr' 
Figure 1.9 
The methylene protons on the iminophosphorano(pyridyl)methanides was 
deprotonated by LiBu" and [(Pr'2P=NSiMe3)(2-Py)CHLi(THF)2] was generated. The 
lithium salt was used as a ligand transfer reagent to synthesize group 14 metal 
complexes containing M(II)=C bond. 1,3-Dimetallacyclobutanes, 
[l,3-[M{C(Pr'2P=NSiMe3)(2-Py)}]2] (M = Sn，Pb), have been synthesized and 
reported (Scheme 
/ r \ 
SiMe3 N 7 
� / I s A 乂 N THF，-90�C Z / M ^ . 
_ 2 [ J MeaSi 
M = Sn, Pb 
Scheme 1.3 
10 
The 2,6-lutidine-functionalized bisphosphoranoimine in this work consists of 
two P=N fragments linked together by a lutidine ring at 2- and 6-position. It is 
expected that the 2,6-lutidine-functionalized bis(phosphoranoimine) can undergo 
bidentate C’N- or tridentate N’N’’N’ chelating fashion. Previously, our group has 
investigated the coordination chemistry of 2,6-lutidine-functionalized 
bis(phosphoranoimine) ligand. Several transition metal complexes such as 
[Cu{2，6-(Me3SiN=PPr'2CH2)2C5H3N}]+[Cul2]- [31], [Pd{2,6-(Me3SiN=PPh2CH2)2-
C5H3N}C1]+[C1]- [32] have been synthesized and structurally characterized (Figure 
1.10).2o 
� n + � —I + 
r"^ 1 r 1 
[ C u , ] - Cl" 
Pr^ jPv^  �� Ph2P� ^PPh2 
.N •Cu-*- N .N •Pd^* N^  
MegSi^  SiMea Me^Si \ SiMeg - -I L CI _ 
31 32 
Figure 1.10 
Dianionic specie can be generated form the metalation of 
2,6-lutidine-functionalized bisphosphoranoimine with dibutyl magnesium in THR^^ 
The magnesium salt [Mg{(Me3SiN=PR2CH)2C5H3N-2，6}THF] (R = Pr', 33; Ph) has 
been used both as the ligand transfer reagent and as the base to facilitate further 
11 
deprotonation. The bivalent group 14 metal complex, 1,3-distannacyclobutane [ 3 4 ] , 
was synthesized by the metathesis reaction of magnesium salt with tin(II) chloride 
(Scheme 1.4).^ ^ 
p j p Mg ppj U S n ^ ^ ^ ^ S n CI 
T I p — r � p — 
SiMeg SiMeg MegSi^ ^ N g^iMeg 
33 34 
Reagents and condition: (i) SnCh, Et20, 0°C，2d 
Scheme 1.4 
1,3-Diplumbacyclobutane [35] was obtained by the metalation reaction of neutral 
bis(phosphoranoimine) with two equivalents of lead(II) amide in Et20, followed by 
the elimination of hexamethyldisilazane (Scheme 1.5).^ ^ 
r " ^ PHn .PH f ^ MeaSi pH 
‘ V - 鄰 、 广 N • ^ � ” 3 ： ( = ， 
35 




The objective of this thesis is to further explore the reactivities of the 
monoanionic and dianionic species of the 2,6-lutidine-functionalized 
bis(phosphoranoimine) with transition metal(II) halide, samarium(III) chloride and 
zirconium(rV) amide. 
By changing the substituents on the phosphorus atom of the ligand, the steric and 
electronic effect of the substituents will be also investigated. 
R2P\ / R 2 
NSiMeg MegSiN 
R = Pr', Ph 
In the following section, the monoanionic bis(phosphoranoimino)lithium 
compound will be prepared by the metalation of neutral 2,6-lutidine-functionalized 
bis(phosphoranoimine) with one equivalent LiBu" in THF. This lithium salt acts as 
ligand transfer reagent to synthesize several transition metal complexes. Their 
structures will be characterized by X-ray crystallography. 
13 
1.3 Results and Discussion 
1.3.1.1 Synthesis of Bis(Phosphoranoimido)lithium complexes 
[Li{{(Me3SiNPR2CH)(Me3SiN=PR2CH2)}C5H3N-2,6} (R = Ph, 36; R = Pri, 37)] 
Bis(phosphoranoimido)lithium complexes, [Li {{(Me3SiNPR2CH)-
(Me3SiN=PR2CH2)}C5H3N-2，6} (R = Ph, 30; R = Pr', 31)] were prepared by lithiation 
of neutral bis(phosphoranoimine), [(Me3SiN=PPr'2CH2)2C5H3N-2’6] and 
[(Me3SiN=PPh2CH2)2C5H3N-2,6], using one equivalent LiBu" at -78°C in THF, 
respectively. The yields of 36 and 37 were 72% and 78%, respectively (Scheme 1.6). 
广 N ^ ^ LiBu” ， 广 
� r 一 ! 、 广 
N N N - " ^ ^ ^ N 
I . \ / \ 
MegSi SiMeg MesSi SiMe3 
R = Ph or Pr' R = Ph, 36; 
R = Pr', 37 
Scheme 1.6 
1.3.1.2 Spectroscopic Properties of Complexes 36 and 37 
Compounds 36 and 37 are extremely air and moisture sensitive yellow 
crystalline solids. They are soluble in Et20, THF, and toluene but sparingly soluble in 
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hexane. They have been characterized by H^, ^^ C and ^^ P NMR spectroscopy, 
elemental analysis and X-ray crystallography. 
The ifi NMR spectra of 36 and 37 displayed signals assignable to the SiMes 
group, methine proton, methylene protons and pyridyl protons. Two doublets were 
found at 8 3.07 (Jp-h = 13.5 Hz) and b 3.94 ppm (Jp.H = 20.4 Hz) for 36 and 6 2.30 
(Jp-H = 11.4 Hz) and 8 2.77 ppm (Jp.h = 19.2 Hz) for 37, in 1:2 ratios. They are 
attributed to the coupling of methine and methylene protons to phosphorus nuclei. 
The 1h NMR spectrum of 36 displayed peaks at the aromatic region of 6 6.55 - 8.17 
ppm for the phenyl protons. The H^ NMR spectrum of 37 displayed two sets of 
multiplet at d 0.80 - 1.38 and 8 1.43 - 2.35 ppm for the protons of isopropyl groups. 
1 'J 1 
The C NMR spectra of compounds 36 and 37 are normal. The P NMR 
spectrum of 36 displayed two peaks at 5 30.77 and 25.11 ppm. The peaks at d 50.24 
and 51.69 ppm were found in the ^^ P NMR spectrum of 37. These indicated that the 
phosphorus in 36 and 37 have different chemical environment. 
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1.3.1.3 Molecular Structures of [Li{{(Me3SiNPR2CH)(Me^SiN=PR2CH2)} 
C5H3N-2,6} (R = Ph, 36; R = Pr'，37)] 
The molecular structures of complex 36 and 37 are shown in Figure 1.11 and 
1.12，respectively. Selected bond distances ( A ) and angles (deg) are listed in Table 1.1 
for 36 and Table 1.2 for 37. 
Compounds 36 and 37 are isosturcture and monomelic lithium(I) complexes. 
The three-coordinated lithium are bonded to two imino nitrogen atoms and the pyridyl 
nitrogen atom in N’N’’N’-chQ[dXe fashion. In compound 36, Li(l) is bonded to two 
imino nitrogen atoms at 1.943(9)A and 2.021(1)A and the pyridyl nitrogen atom at 
1.995(4)人.Similarly, in compound 37, Li(l) is bonded to two imino nitrogen atoms at 
1.985(9)A and 2.029(8)A and the pyridyl nitrogen atom at 1.960(9)A to form two 
strained six-membered metallacycles sharing the Li(l)-N(l) edge. The average 
Li-N(imino) bond of 1.982(5)A in 36 and 2.007(8)A in 37 are comparable to those of 
1.980(9)A and 2.017(9)A in [HC(PPh2=NSiMe3)2U • THF]^ ^ and those of L943(7)A 
and 1.963(0)A in [(Et20)Li{Ph2P(CHPy)(NSiMe3)}]^^ The average P-N bond 
distances and C-P bond distances are 1.565(5)A and 1.726(6)A, respectively, which 
are different from those of [(Me3SiN=PPh2CH2)2C5H3N-2,6] (P-N = 1.542(3)A; C-P = 
1.836(5)A). The average C-C bond distances of 1.444(0)A in the pyridyl ring is 
lengthened, where the average C-C bond distances is 1.388(1)A in the neutral ligand. 
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This indicates considerable delocalization throughout both of the C-P-N ligand 
backbones. 
In compound 3 7 , The P(2)-C(16) bond distance of 1.723(5)A and C(l)-C(16) 
bond distance of 1.402(6)A are shorter than P(l)-C(6) bond distance of 1.820(4)A and 
C(6)-C(5) bond distance of 1.484(6)A. This indicates the existence of 7r-interaction 
between the lithium atom and one of the C-P-N backbones. 
17 
C13 
Figure 1.11 Molecular structure of [Li{{(Me3SiNPPh2CH)(Me3SiN=PPh2CH2)} 
C5H3N-2,6}] (36). (Thermal ellipsoids are shown at 30% probability levels) 
Table 1.1 Selected bond distances (A) and angles (deg) for compound 36 
[Li{{(Me3SiNPPh2CH)(Me3SiN=PPh2CH2)}C5H3N-2,6}] (36) 
Li(l)-N(l) 1.995(5) P(l)-N(2) 1.557(5) 
Li(l)-N(2) 1.943(7) P(2)-N(3) 1.573(9) 
Li(l)-N(3) 2.021(5) P � - C ( 6 ) 1.739(4) 
C(l)-C(6) 1.361(6) P(2)-C(10) 1.714(4) 
C(5)-C(10) 1.359(5) N(l)-C(5) 1.354(7) 
N(l)-C(l) 1.377(5) 
N(l)-Li(l)-N(2) 110.13(3) C(l)-C(6)-P(l) 124.80(3) 
N(l)-Li(l)-N(3) 103.48(4) C(5)-C(10)-P(2) 124.24(3) 
Li(l)-N(2)-P(l) 106.97(2) C(6)-C(l)-N(l) 121.88(3) 
Li �-N(3)-P(2) 100.38(4) C(10)-C(5)-N(l) 122.87(2) 
N(2)-P(l)-C(6) 114.60(2) C(l)-N(l)-Li(l) 112.94(4) 




Figure 1.12 Molecular structure of [Li{{(Me3SiNPPr'2CH)(Me3SiN=PPr'2CH2)} 
C5H3N-2,6}] ( 3 7 ) . (Thermal ellipsoids are shown at 30% probability levels) 
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Table 1.2 Selected bond distances (A) and angles (deg) for compound 37 
[Li{{(Me3SiNPPr'2CH)(Me3SiN=PPr'2CH2)}C5H3N-2’6}] (37) 
Li(l)-N(l) 1.960(9) P(l)-N(2) 1.568(4) 
Li(l)-N(2) 2.029(9) P(2)-N(3) 1.583(4) 
Li(l)-N(3) 1.985(9) P � - C ( 6 ) 1.820(4) 
C(l)-C(16) 1.402(6) P(2)-C(10) 1.714(4) 
C(5)-C(6) 1.484(6) N(l)-C(5) 1.347(5) 
N(l)-C(l) 1.357(5) 
N( 1 )-Li( 1 )-N(2) 105.21(4) C(1 )-C( 16)-P(2) 129.33(4) 
N(l)-Li(l)-N(3) 107.42(4) C(5)-C(6)-P(l) 116.11(3) 
Li( 1 )-N(2)-P( 1) 114.16(3) C(16)-C( 1 )-N( 1) 120.58(4) 
Li(l)-N(3)-P(2) 109.48(3) C(6)-C(5)-N(l) 115.47(4) 
N(2)-P(l)-C(6) 110.89(2) C(l)-N(l)-Li(l) 115.36(4) 
N(3)-P(2)-C(16) 115.65(2) C(5)-N � - U ( l ) 121.22(4) 
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1.3.2.1 Synthesis and Characterization of Bis(Phosphoranoimido)transition 
Metal Complexes 
Metathesis reaction of 36 with one equivalent of MCI2 (M = Co, Mn, Fe) in THF 
at - 7 8 ° C afforded the late transition metal complexes [MCI {{(Me3SiNPPh2CH)-
(Me3SiN=PPh2CH2)}C5H3N-2,6}] (M = Co, 38; Mn, 39 ； Fe, 40). The manganese 
complex with the isopropyl substitutent, [MnCl{{(Me3SiNPPr'2CH)-
(Me3SiN=PPr'2CH2)}C5H3N-2，6}] (41)，was prepared by a similar way using lithium 
complex 37 (Scheme 1.7). 
AA ^ ^ AA 
R2P\\ PR2 c R2P PR2 
/ ' \ / ! \ 
MeaSi SiMeg MegSi SiMeg 
36，Ph M = Co, 38; Mn, 39; Fe, 40 
37, Pr' M = Mn, 41 
Scheme 1.7 
1.3.2.2 Spectroscopic Properties of 38 - 41 
Compounds 39, 40 and 41 were isolated as dark red crystals, while compound 38 
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is a dark blue crystalline solid. They are air- and moisture-sensitive, soluble in EtaO 
and THF and sparingly soluble in hydrocarbon solvents. The structures of 38，39 and 
41 were confirmed by X-ray structure analysis, the 2,6-lutidine-functionalized 
bis(phosphoranoimino) ligand is bonded in '-chelated fashion to the cobalt 
atom and manganese atom, respectively. Complexes 38 - 41 are paramagnetic species, 
no satisfactory NMR spectra have been obtained. They have been characterized by 
FAB mass spectrometry and elemental analysis. 
Mass spectrum of 38 showed the presence of the parent peak M+. The fragment 
due to [M - CI - 2SiMe3]+ was observed in the FAB mass spectra for 39, 40 and 41. 
1.3.2.3 Molecular Structures of [MCl{{(Me3SiNPPh2CH)(Me3SiN=PPh2CH2)}-
C5H3N-2,6}] (M = Co, 38; Mn, 39)， [MnCHKMejSiNPPr'zCH)-
(Me3SiN=PPr,2CH2)}C5H3N-2，6}] (41) 
The molecular structure of 38 is shown in Figure 1.14. Selected bond distances 
(A) and angles (deg) of 38 are listed in Table 1.3. Compound 38 is monomelic with 
one solvated THF molecule in the solid state. The four-coordinated cobalt atom 
adopts a tetrahedral geometry and bonds to the chloride atom and the ligand in 
N’,N’’N’ chelation with two imino nitrogen atoms and the pyridine nitrogen atom. 
Two strained six-membered metallacycles sharing the Co(l)-N(2) edge are formed. 
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The two six-membered rings, N(2)-Co( 1 )-N(3)-P(2)-C( 10)-C(5) and 
N(2)-Co( 1 )-N( 1 )-P( 1 )-C(6)-C( 1), adopt a "boat" conformation (Figure 1.13). The 
C(6), C(10) and Co(l) place in the bow and stem position, where the 
N(2)-C(5)-P(2)-N(3) plane and the N(2)-C(5)-P(l)-N(l) plane are defined as the best 
plane. In the N(2)-C(5)-P(2)-N(3) plane, C(10) and Co(l) lie 0.32 and 0.19 ppm out 
of the plan, while in the N(2)-C(5)-P(l)-N(l) plane, C(6) and Co(l) lie 0.69 and 0.72 
ppm out of the plane, respectively. 
C I O - … … - ；Co C6 ；Co 
\ \ / \ \ / 
\ P2 m \ PI N i / 
C5 N2 CI N2 
Figure 1.13 The "boat" conformation of the two six membered ring, 
N(2)-Co( 1 )-N(3)-P(2)-C( 10)-C(5) and N(2)-Co( 1 )-N( 1 )-P( 1 )-C(6)-C( 1), in 38. 
The average cobalt-nitrogen bond distance of 2.025(3)A and the cobalt-chloride 
bond distance of 2.264(11)A in 38 are similar to those of 2.032(6)A and 2.274(7)A 
found in [CoCb {CH2(Ph2P=NPh)2}]^ and 2.013(3)A and 2.241(4)人 in 
[Co{(2-CH2Py)PPh2=NSiMe3}Cl2]20. 
The average P-N bond distance of 1.60 A is slightly longer than P-N bond 
distance of 1.56 A in 36, whereas the P(l)-C(6) bond distance of 1.80 A in 38 is 
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longer than those of 1.72 A found in 36. This indicates considerable delocalization in 
one of the C-P-N ligand backbones. 
C3 
Figure 1.14 Molecular structure of [CoCl{ {(Me3SiNPPh2CH)(Me3SiN=PPh2CH2)} 
C5H3N-2,6}(Et20)] (38). (Thermal ellipsoids are shown at 30% probability levels) 
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Table 1.3. Selected bond distances (A) and angles (deg) for compound 38 
[CoCl {{(MesSiNPPhzCHXMcjSiN^PPhiCHz) }C5H3N-2,6 } (EtiO)] (38) 
Co(l)-N(l) 2.050(3) P(l)-N(2) 1.591(3) 
Co(l)-N(2) 2.061(3) P(2)-N(3) 1.616(3) 
Co(l)-N(3) 2.009(3) P(l)-C(6) 1.809(4) 
Co(l)-Cl(l) 2.264(1) P(2)-C(10) 1.714(4) 
C(l)-C(6) 1.513(5) N(2)-C(5) 1.370(5) 
C(5)-C(10) 1.400(5) N(2)-C(l) 1.366(4) 
N( 1 )-Co( 1 )-N(2) 110.97(1) N(3)-P(2)-C( 10) 116.27(2) 
N(l)-Co(l)-N(3) 124.41(1) N(l)-P(l)-C(6) 111.84(2) 
N(2)-Co( 1 )-N(3) 丨 06.25(丨） C(5)-C(丨 0)-P(2) 127.10(3) 
N( 1 )-Co( 1 )-Cl(l) 107.06( 1) C(1 )-C(6)-P( 1) 116.20(3) 
N(2)-Co(丨)-Cl( 1) 112.04(9) C( 10)-C(5)-N(2) 121.90(3) 
N(3)-Co(丨)-Cl(丨） 103.66(9) C(6)-C( 1 )-N(2) 116.20(3) 
Co( 1 )-N(3)-P(2) 108.31(1) C(5)-N(2)-Co( 1) 122.00(2) 
Co(l)-N(l)-P(l) 111.03(2) C(l)-N(2)-Co(l) 118.00(2) 
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The molecular structures of 39 and 41 are shown in Figure 1.15 and 1.16， 
respectively. Selected bond distances ( A ) and angles (deg) of 39 and 41 are listed in 
Table 1.4 and Table 1.5, respectively. 
The manganese(II) compounds 39 and 41 are isostructural and monomelic in the 
solid state. The four-coordinated tetrahedral manganese center is bonded to chloride 
atom, two imino nitrogens and pyridyl nitrogen in the bis(phosphoranoimine) in both 
cases. The average manganese-imino nitrogen bond distance of 2.130(2)A in 33 and 
2.148(3)A in 35 are much longer than those of 2.077(5)A in manganese(II) compound 
with ^-diketiminate ligand, LMn(i[i-Cl)2Mn(THF)2(iLt-a)2MnL (L = HC(CMeNAr)2， 
Ar = 2，6-Pr'2(C6H3)).26 The manganese—pyridyl nitrogen bond distance of 2.159(8)A 
in 39 and 2.114(3 )A in 41 are comparable to their average distance of 
manganese-imino nitrogen bonds. It is suggested that the electron-donating ability of 
imino nitrogen is similar than that of pyridyl nitrogen. The Mn-Cl bond distance of 
2.370(8)A in 33 and 2.385(4)A in 35 are much shorter than the average bridging 
Mn-Cl bond distance of 2.476(7)A in LMn0x-Cl)2Mn(THF)2(iLt-Cl)2MnL.26 
Two strained six-membered metallacycles are formed in both 39 and 41 by 
sharing the Mn(l)-N(l) edge. In compound 39，the N(l)-C(5)-P(2)-N(3) and 
N(l)-C(l)-P(l)-N(2) plane were defined as the best plane within the ring of 
N(l)-Mn(l)-N(3)-P(2)-C(10)-C(5) and N(l)-Mn(l)-N(2)-P(l)-C(6)-C(l), respectively. 
26 
While in compound 41, the planes N(l)-C(5)-P(l)-N(2) and N(l)-C(l)-P(2)-N(3) 
were defined as the best plane. C(6), C(10) and Mn(l) lie in the stem and bow 
position in 39. Similarly, C(6), C(16) and Mn(l) lie in the stem and bow position in 
41. 
Similar to the previous data in 38，the bond distances within the ring of 
N( 1 )-Mn( 1 )-N(2)-P( 1 )-C(6)-C( 1) in 39 and 41 are longer than those in neutral ligand, 
while the bond distances within the other member ring in 39 and'41 are comparable to 
the neutral ligand. These indicated that delocalization of electron within one of the 
rings in both 39 and 41. 
The structural data, including bond lengths and bond angels, between 39 and 41 
are similar. The substitutents on the phosphorous atom do not affect the bonding 
between bis(phosphoranoimine) ligand and manganese. 
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Figure 1.15 Molecular structure of [MnCl{{(Me3SiNPPh2CH)(Me3SiN=PPh2CH2)} 
C5H3N-2,6}] ( 3 9 ) . (Thermal ellipsoids are shown at 30% probability levels) 
Table 1.4. Selected bond distances ( A ) and angles (deg) for compound 39 
[MnCl{{(Me3SiNPPh2CH)(Me3SiN=PPh2CH2)}C5H3N-2,6}](39) 
Mn(l)-N(l) 2.159(2) P(l)-N(2) 1.621(2) 
Mn(l)-N(2) 2.106(2) P(2)-N(3) 1.592(2) 
Mn(l)-N(3) 2.154(2) P(l)-C(6) 1.730(2) 
Mn(l)-Cl(l) 2.370(8) P(2)-C(10) 1.816(2) 
C(l)-C(6) 1.399(3) N(l)-C(l) 1.384(3) 
C(5)-C(10) 1.511(3) N � - C ( 5 ) 1.368(3) 
N(l)-Mn(l)-N(2) 102.93(7) N(2)-P(l)-C(6) 116.27(2) 
N(l)- Mn(l)-N(3) 97.45(7) N(3)-P(2)-C(10) 111.84(2) 
N(2)- Mn(l)-N(3) 128.14(7) C(l)-C(6)-P(l) 129.93(2) 
N(l)- Mn (l)-Cl(l) 105.82(5) C(5)-C(10)-P(2) 117.36(2) 
N(2)- Mn (l)-Cl(l) 115.36(5) C(6)-C(l)-N(l) 122.30(2) 
N(3)- Mn (l)-Cl(l) 103.69(5) C(10)-C(5)-N(l) 116.70(2) 
Mn (1)-N(2)-P(1) 110.10(9) C(l)-N(l)- Mn (1) 122.45(1) 
Mn (1)-N(3)-P(2) 111.95(1) C(5)-N(l)- Mn (1) 117.46(2) 
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Figure 1.16 Molecular structure of [MnCl{{(Me3SiNPPr'2CH)(Me3SiN=PPr'2CH2)} 
C5H3N-2,6]] ( 4 1 ) . (Thermal ellipsoids are shown at 30% probability levels) 
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Table 1.5. Selected bond distances (A) and angles (deg) for compound 41 
[MnCl{{(Me3SiNPPr'2CH)(Me3SiN=PPr'2CH2)}C5H3N-2，6}](41) 
Mn(l)-N(l) 2.114(3) P(l)-N(2) 1.597(3) 
Mn(l)-N(2) 2.174(3) P(2)-N(3) 1.614(3) 
Mn(l)-N(3) 2.122(3) P(l)-C(6) 1.812(4) 
Mn(l)-Cl(l) 2.385(1) P(2)-C(16) 1.739(4) 
C(l)-C(16) 1.399(3) N(l)-C(l) 1.370(5) 
C(5)-C(6) 1.493(6) N(l)-C(5) 1.361(5) 
N(l)-Mn(l)-N(2) 93.24(1) N �-P(l)-C(6) 116.27 � 
N(l)- Mn(l)-N(3) 105.46(1) N(3)-P(2)-C(16) 111.84(2) 
N(2)- Mn(l)-N(3) 131.51(1) P(l)-C(6)-C(5) 129.93(2) 
N(l)- Mn (l)-Cl(l) 104.64(1) P(2)-C(16)-P(l) 117.36(2) 
N(2)- Mn (l)-Cl(l) 110.54(1) C(6)-C(5)-N(l) 122.30(2) 
N(3)- Mn(l)-Cl(l) 107.28(1) C(16)-C(l)-N(l) 116.70(2) 
Mn (1)-N(2)-P(1) 112.95(2) C(5)-N(l)- Mn (1) 122.45(1) 
Mn (1)-N(3)-P(2) 114.49(2) C(l)-N(l)- Mn (1) 117.46(2) 
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1.4 Experimental Section 
Materials: LiBu", MeaSiNs, C0CI2, FeCl2 and MnCb were purchased from Aldrich 
and used without further purification. 2，6-(Me3SiN=PPh2CH2)2C5H3N and 
2，6-(Me3SiN=PPr'2CH2)2C5H3N were prepared according to the literature 
procedures.2G 
Preparation of [Li{{(Me3SiNPPh2CH)(Me3SiN=PPh2CH2)}C5H3N-2,6}] (36) 
To a solution of 2，6-(Me3SiN=PPh2CH2)2C5H3N (1.15g, 1.80mmol) in THF (30ml)， 
LiBu" (1.4ml, 1.6M in hexane, 2.20mmol) was added slowly at -78�C. The reaction 
mixture was warmed to room temperature and stirred for 8h. Filtration followed by 
concentration of the solution and cooling at -30°C yielded 36 as orange crystals. Yield: 
1.18g (72%). M.P.: 179.7 - 182.2°C. Anal. Calcd (%) for C37H44LiN3P2Si2N: C, 67.76; 
H, 6.76; N, 6.41; Found: C，67.41; H, 6.80; N, 6.39. H^ NMR (CeDs): 8 = 0.19 (s, 9H, 
SiMes), 0.5 (s, 9H, SiMes), 1.48-1.52 (m，4H, THF), 3.07 (d, Jp.u= 13.5 Hz, 2H, CH2), 
3.64 (m, 4H，THF), 3.94 (d, Jp-h= 20.4 Hz, IH, CH), 5.36 (d, Jp_h= 8.7 Hz, IH，Py), 
6.55 (d，yp.H= 8.7 Hz, IH, Py), 6.69 (t，Jp.h= 7.65 Hz,lH，Py). ^^ C NMR (CeDg): 8= 
4.47 (dd，SiMea), 25.9 (s，THF), 42.61 (d，CH), 57.03 (d，CH2), 68.14 (s, THF), 
106.18，128.05，132.43，133.38，140.95，149.46，167.61 (Ph & Py). ^^ P NMR (C6D6): 
5 = 25.11,30.77. 
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Preparation of [Li{{(Me3SiNPPr'2CH)(Me3SiN=P Pr'2CH2)}C5H3N-2，6}] (37) 
To a solution of 2’6-(Me3SiN=PPr'2CH2)2C5H3N (1.85g, 3.60mmol) in THF (30ml), 
LiBu" (2.7ml, 1.6M in hexane, 4.32mmol) was added slowly at -78�C. The reaction 
mixture was warmed to room temperature and stirred for 8h. Filtration followed by 
concentration of the solution and cooling at -30°C yielded 37 as orange crystals. Yield: 
1.46g (78%). M.p.: 169.3-170.5°C. Anal, calcd (%) for CisRdLiNsPzSi!: C, 57.77; H, 
10.08; N, 8.08; Found: C, 57.32; H, 10.02; N, 8.24. 'H NMR (CeDe)- 5 = 0.43 (s, 9H, 
SiM .^O, 0.58 (s, 9H, SiMe.?), 0.81 (m, 12H, CHMe..), 1.24 (m, 12H, CHMg:), 1.50 (m, 
2H, C/ZMei), 1.98 (m, 2H, C/ZMe!)，2.30 (d, Jp.h = 11.4 Hz, 2H, CH!)’ 2.77 (d, Jp.u = 
19.2 Hz, I H , C H ) , 5.5 (d, «/p.h= 6.9 Hz, I H , Py), 6.44 (d, 7 p . h = 8 . 7 H z , 1 H , Py), 6.75 
(t,八.H= 7.65 Hz, IH, Py). " c NMR (CeDe): 5= 1.55 (dd, SiMe?), 12.04(dd, CHMe.J, 
22.79 (d, CHMei), 30.04 (d, CH), 47.06 (d, CH), 100.25, 113.42, 130.04, 145.83, 
165.71 (Py), ^'PNMR (CeDe)： 6 =32.32, 50.24 
Preparation of [CoCl{{(Me3SiNPPh2CH)(Me3SiN=PPh2CH2)}C5H3N-2,6}(Et20)] 
(38) 
A solution of [Li{KMe3SiNPPh2CH)(Me3SiN=PPh2CH2)}C5H3N-2,6}] (36) (0.52g, 
0.72mmol) in THF (30ml) was added slowly to the solution of CoCh (0.095g, 0.73 
mmol) in THF (30 ml ) at -78°C. The dark green solution was raised to ambient 
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temperature and stirred for 12 h. The volatiles were removed under reduced pressure 
and the residue was extracted with EtaO After filtration and addition of 7ml of CH2CI2, 
followed by concentration of filtrate, dark green crystals of title compounds were 
• 
obtained. Yield: 0.24g (42%). Mp: 161.2 - 162.3°C. Anal Calcd (%) for 
C4iH52ClCoN30P2Si2.1/2CH2Cl2： C，58.05; H, 6.18; N, 4.90; Found: C, 57.89; H, 
5.79; N，5.45. MS (FAB): m/z 743 (11，[M + i f ) , 707 (100, [M - Cl]+)，635 (15, [M -
CI - SiMe3]+)，563 (20, [M - CI - 2SiMe3]+)，506 (3，[M - CI - 2SiMe3 - Co]"). 
Preparation of [MnCl{{(Me3SiNPPh2CH)(Me3SiN=PPh2CH2)}C5H3N-2,6}] (39) 
A solution of [Li{{(Me3SiNPPh2CH)(Me3SiN=PPh2CH2)}C5H3N-2，6}] (36) (0.58g, 
0.91mmol) in THF (30ml) was added slowly to the solution of MnCh (O.llg, 0.91 
mmol) in THF (30 ml) at -78�C. The red solution was raised to ambient temperature 
and stirred for 12 h. The volatiles were removed under reduced pressure and the 
residue was extracted with EtzO. After filtration and addition of 7ml of CH2CI2, 
followed by concentration of filtrate, red crystals of title compounds were obtained. 
Yield: 0.364g (54%). Mp: 209.1 - 202.3°C. Anal. Calcd (%) for 
C25H52ClMnN3P2Si2.1/4CH2Cl2： C, 48.52; H, 8.37; N, 6.73; Found: C, 48.47; H，8.62; 
N, 6.86. MS (FAB): m/z 559 (100, [M - CI - 2SiMe3]+)，506 (54，[M - CI - 2SiMe3-
Mn]+). 
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Preparation of [FeCl{{(Me3SiNPPh2CH)(Me3SiN=PPh2CH2)}C5H3N-2，6}] (40) 
A solution of [Li{{(Me3SiNPPh2CH)(Me3SiN=PPh2CH2)}C5H3N-2，6}] (36) (0.93g， 
1.42mmol) in THF (30ml) was added slowly to the solution of FeCb (0.19g, 1.47 
mmol) in THF (30 ml) at -78°C. The red solution was raised to ambient temperature 
and stirred for 12 h. The volatiles were removed under reduced pressure and the 
residue was extracted with EtsO. The red mixture was filtered and concentrated, red 
crystals of title compounds were obtained. Yield: 0.5Ig (49%). Mp: \5\°C (dec). 
Anal. Calcd (%) for C37H44ClFeN3P2Si2： C, 60.04; H, 5.99; N，5.68; Found: C, 59.88; 
H, 5.95; N，5.84. MS (FAB): m/z 560 (57, [M - CI - SiMes - SiMe3]+)，506 (100，[M -
Cl-2SiMe3-Fe]+). 
Preparation of [MnCl{{(Me3SiNPPr'2CH)(Me3SiN=PPr'2CH2)}C5H3N-2，6}I (41) 
A solution of [Li{{(Me3SiNPPr'2CH)(Me3SiN=PPr'2CH2)}C5H3N-2,6}] (37) (0.58g, 
0.91 mmol) in THF (30ml) was added slowly to the solution of MnCb (O.llg, 0.91 
mmol) in THF (30 ml) at -78°C. The red solution was raised to ambient temperature 
and stirred for 12 h. The volatiles were removed under reduced pressure and the 
residue was extracted with EtsO. The red mixture was filtered and concentrated, red 
crystals of title compounds were obtained. Yield: 0.268g (49%). Mp: 145°C (dec). 
Anal. Calcd (%) for C25H52ClMnN3P2Si2： C, 49.78; H，8.69; N，6.97; Found: C, 48.56; 
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SYNTHESES AND CHARACTERIZATION OF 
BIS(PHOSPHORANOIMIDO)ZIRCONIUM(IV) COMPLEX 
2.1 Introduction 
2.1.1 General Aspects of Group 4 Metal Complexes 
In 1957, Breslow and coworkers reported the catalytic activity of 
bis(cyclopentadienyl)titanium dichloride in Ziegler-Natta polymerization.' Since then, 
a rapid development in the area of metallocene catalyst has occurred. At present, there 
has been growing interest in the use of N-donor ligand, such as imide (or nitrene)^, 
diimmophosphine^ and amidodiphosphines^，as cyclopentadienyl alternatives for early 
transition metal chemistry. 
Cavell and coworkers has synthesized a series of group 4 metal complexes using 
bis(phosphoranoimido)methane as supporting ligand. The synthesis was carried out 
by three methods: (i) hexamethyldisilazane elimination, (ii) alkane elimination and (iii) 
metathesis reaction (Scheme 2.1).^ 
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Scheme 2.1 
(i) Hexamethyldisilazane elimination 
The group 4 metal dihalide complexes, [MCl2{C(Ph2P=NSiMe3)2}] (M = Zr, 43a; 
Hf, 43b), were synthesized by the reaction between [MCl2{N(SiMe3)2}] (M =Zr, Hf) 
and [CH2(Ph2P=NSiMe3)2] (42).^ 
(ii) Alkane elimination 
The methylene protons in bis(phosphoranoimido)methane are acidic enough to 
be removed via alkane elimination. The reaction of the tetrabenzyl group 4 metal 
complexes, [M(CH2Ph)4] (M = Zr, Hf) with [CH2(Ph2P=NSiMe3)2] yielded 
40 
[M{C(Ph2P=NSiMe3)2}(CH2Ph)2] (M = Zr, 4 4 a ; Hf, 4 4 b ) / In addition, the steric 
factor of the phosphorous group on the bis(phosphoranoimido)methane plays an 
important role in the alkane elimination. By changing the bulky phenyl substitiutent 
into the methyl group, biscarbene complex was formed. [Zr{C(Me2P=NSiMe3)2}2] 
(45) was obtained by the alkane elimination between [Zr(CH2C6H5)4] and 
[CH2(Me2P=NSiMe3) (Scheme 2.2).^ 
Si* 
I Si* 
Me .N \ 
H2 \ N Me 
Me C Me Me^ \ \ J ^ K 
M e z P P � M e [Zr{C(Me2P=NSiMe3)2}2]> Me 
I J T o l u e n e ， 獻 • M e , / 
MesSi'N -SiMes / ^ N ^ M e 
Me N 3./ 
Si* 
45 
Si* = SiMe3 
Scheme 2.2 
(iii) Metathesis Reaction 
After the successful isolation of dilithium salt of bis(phosphoranoimido)methane, 
many group 4 metal complexes, including titanium metal complexes, were 
synthesized. As the thermal stability of titanium precursor is low, the titanium 
complex cannot be synthesized by hexamethyldisilazane elimination or alkane 
elimination. [MCl2{C(Ph2P=NSiMe3)2}] (M = Zr, 4 3 a ; Ti, 4 3 c ) was synthesized by 
the metathesis reaction between the dilithiated salt and MCI4 (M = Zr, Ti) in THF.^ 
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Cavell and coworkers reported the synthesis of titanium(IV) phosphinimine 
complex by the desilyation with CpTiCls and bis(diphenylphosphino)amine in CH2CI2 
(Scheme 2 .3) .� Only a few of group 4 metal complexes have been prepared by this 
method. 
Pr Pr 
P h 2 p / N \ p p h 2 CPT1CI3 , p h 2 p / N \ p p h 2 
-MesSiCl \ \ 
SiMea Ti(Cp)Cl2 
Scheme 2.3 
One of our interests is to synthesize group 4 metal complexes using 
2,6-functionalized bis(phosphoranoimine) as a supporting ligand. Recently, our group 
has synthesized the bis(phosphoranoimido)titanium(IV) complexes from MeaSiCl 
elimination. [Ti{{N=PPh2CH2}2C5H3N-2，6} {(/x-a)2Cl4(THF)2}]n was prepared from 
the reaction of [(Me3SiN=PPh2CH2)2C5H3N-2，6] with one equivalent TiCU in THF at 
-90°C (Scheme 2.4). 11 
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Scheme 2.4 
Dehalosilylation occurred between TiCU and bis(phosphoranoimine). A polymeric 
compound with six-coordinated titanium(IV) centre was formed. In this chapter, the 
preparation, characterization and reactivity of 2,6-lutidine flinctionalized 
bis(phosphoranoimido)zirconium(IV) complex will be reported. The structure of 
bis(phosphoranoimido)zirconium(IV) complex will be characterized by X-ray 
crystallography and spectroscopic methods. 
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2.2 Results and Discussion 
2.2.1 Synthesis and Characterization of Bis(phosphoranoimido)zircoiiium(IV) 
Complex [Zr{(Me3SiNPPh2C)(Me3SiN=PPh2CH2)C5H3N-2,6}(NMe2)2l (46) 
Attempts to prepare bis(phosphoranoimido)zirconium complex by metathesis 
reaction was unsuccessful. However, bis(phosphoranoimido)zirconium(IV) complex, 
[Zr{(Me3SiNPPh2C)(Me3SiN=PPh2CH2)C5H3N-2,6}(NMe2)2] (46), was prepared by 
amine elimination of neutral bis(phosphoranoimine) [(Me3SiN=PPh2CH2)2C5H3N-2，6] 
with one equivalent of Zr(NMe2)4 at room temperature in toluene for 3 days. The 
yield of 46 was 65% (Scheme 2.5). 
Ph2P, PPh2 丁ol.’ r. t. PhzRx \ / / // 
\ // 




Attempts to prepare the titanium(IV) and hafhium(IV) analogues of 46 using 
M(NMe2)4 (M = Hf, Ti) was unsuccessful. 
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2.2.2 Reaction of Bis(phosphoranoimido)zircoiiium(IV) Complex (46) with 
HCl (IM in diethyl ether) 
The reaction of bis(phosphoranoimido)zirconium(rV) complex 46 with 
anhydrous HCl (IM in diethyl ether) in Et20 at -78°C afforded the 2,6-functionalized 
bis(phosphoranoimine) (Scheme 2.6). 
Ph2P.\ \ / y // Et20，-78°c ph2P PPh2 
W II 
M e 3 s / M e / L e . SiMe� ； \ 
^ MegSi SiMea 
Scheme 2.6 
It is expected that the zirconium complex will undergo 1,2-addition^ or 
substitution of amide groupHowever , the alpha carbon captures two protons to 
yield the neutral bis(phosphoranoimine) ligand. It is proposed that the Zr-C bond is 
dative in nature rather than Zr=C bond. 
2.2.3 Spectroscopic Properties of Complex 46 
Compound 46 is air and moisture sensitive yellow crystalline solid. It is soluble 
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in EtzO, THF, and toluene but sparingly soluble in hexane. It has been characterized 
by 1h，13c and ^^ P NMR spectroscopy and elemental analysis. The molecular structure 
of 46 was confirmed by X-ray structural analysis. 
The NMR spectrum of 46 displayed signals due to the SiMes group, 
methylene protons, dimethylamide group and pyridyl protons. Multiplet were 
observed in the region 8 0.16 - 0.51 ppm. They are attributed to the different chemical 
environment around two sets of SiMes groups. The methylene protons showed a 
doublet at 6 2.77 ppm (Jp.h = 15 Hz) due to the coupling of methylene protons to 
phosphorus nucleus. The methyl protons of dimethylamide group appeared as a 
singlet at 8 3.41 ppm. The peaks in the aromatic region of 8 5.92 - 8.23 ppm were 
assigned to the phenyl protons and pyridyl protons in 46. 
The 13c NMR spectrum of compound 46 was normal. The ^^ P NMR spectrum of 
46 displayed a singlet and triplet peaks at lower field d 37.82 and 28.43 ppm, 
respectively. They are attributed to the phosphorus with different chemical 
environments. 
2.2.4 Molecular Structure of [Zr{(Me3SiNPPh2C)(Me3SiN=PPh2CH2)-
C5H3N-2，6}(NMe2)2l (46) 
The molecular structure of complex 46 is shown in Figure 2.1. Selected bond 
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distances ( A ) and angles (deg) are listed in Table 2.1. 
The tridentate bis(phosphoranoimino) ligand [(MesSiNPPhsC)-
(Me3SiN=PPh2CH2)C5H3N-2，6]2- bonded to the zirconium center via the 
imino-nitrogen and the pyridyl nitrogen atoms. The geometry around the zirconium 
atom is octahedral. The best equatorial plane is defined by Zr(l)N(2)C(6)N(5) ( S Z r 
=359°) with the pyridyl nitrogen and amido nitrogen at the axial position. Two 
six-membered metallacycles are formed by sharing the Zr(l)-N(l) edge. 
The zirconium-pyridyl nitrogen bond distance of 2.315(4)人 is similar to the 
zirconium-imino nitrogen bond distance of 2.373(4)人 and 2.319(4)人.The average 
Zr-N bond distance of 2.336(1 ) A in 4 6 is longer than those of 2.065(6)A in 
[Zr(NN’3)Cl] (NN’3 = N(CH2CH2NSiButMe)3)i3 and 2.159(5)人 in 
[Zr(NMe2)(N2NN，)] (N2NN，= {(2-NC5H4)CH2N(CH2CH2NSiMe3)2})i4. The Zr-N in 
46 is- comparable to the dative Zr-N bond of 2.422(1)人 in [Zr(NMe2)(N2NN')] 
(N2NN' = {(2-NC5H4)CH2N(CH2CH2NSiMe3)2})i4. Thus the Zr-N bonds in 46 are 
dative in nature. The bond distance of 2.087(4) and 2.065(4)人 in the terminal 
Zr(l)-N(4) and Zr(l)-N(5) are comparable to those in 2.078(2)A in 
rac-(CH3)2Si(C9H6)2&[N(CH2)2]2i5and 2.010(3)A in [{Zr(NMe2)2l(//-NMe2)}2]i6. 
The Zr(l)-C(6) bond distance of 2.475(5)A in 4 6 is much longer than the Zr=C 
bond distance of 2.190(8)A in [ZrCl2{C(Ph2P=NSiMe3)2}]9，2.288(3)A in 
47 
[&{C(Me2P=NSiMe3)2h]8 and 2.208(3)A in {C(Ph2P=NSiMe3)2}(CH2Ph)2f. 
Besides, this Zr-C bond distance in 46 is longer than those observed in alkylzirconium 
derivatives in [Cp2Zr(CPh2H)2]i7 of 2.388(1)A, in [Cp2Zr(CH(CH3)-
(6-ethylpyrid-2-yl)Cl]i8 of 2.421(4)A and in [ {Cp2Zr(CH(Me)CH2CH20)}2]^^ of 
2.382(1)人.The relatively long Zr-C separation rules out the formation of a true 
double bond. 
Compare to the structural data of neutral bis(phosphoranoimido) ligand (P-N 
bond, L542(3)A; P-C bond, 1.836(5)A), the average P-N bond distance in 46 of 
1.622(4)A is longer and the average P-C bond distance of 1.738(0)人 in 46 is shorter. 




Figure 2.1 Molecular structure of [Zr{(Me3SiNPPh2C)-
(Me3SiN=PPh2CH2)C5H3N-2，6}(NMe2)2] (46). (Thermal ellipsoids are shown at 30% 
probability levels) 
Table 2.1 Selected bond distances (A) and angles (deg) for compound 46 
, [{Zr(Me3SiNPPh2C)(Me3SiN=PPh2CH2)}C5H3N-2,6] (46) 
Zr(l)-N(l) 2.315(4) C(5)-C(22) 1.381(7) 
Zr(l)-N(2) 2.373(4) P � - N ( 2 ) 1.605(4) 
Zr(l)-N(3) 2.319(4) P(2)-N(3) 1.639(4) 
Zr(l)-N(4) 2.087(4) P(l)-C(6) 1.744(5) 
Zr(l)-N(5) 2.065(4) P � - C ( 2 2 ) 1.731(5) 
Zr(l)-C(6) 2.475(5) N(l)-C(l) 1.361(6) 
C � - C ( 6 ) 1.488(7) N � - C ( 5 ) 1.371(6) 
N � - Z r ( l ) - N ( 2 ) 110.13(3) C � - C ( 6 ) - P ( l ) 124.80(3) 
N(l)-Zr(l)-N(3) 1 0 3 . 4 8 � C(5)-C(10)-P(2) 124.24(3) 
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Zr(l)-N(2)-P(l) 106.97(2) C(6)-C � - N ( l ) 121.88(3) 
Zr( 1 )-N(3)-P(2) 100.38(4) C( 10)-C(5)-N( 1) 122.87(2) 
N(2)-P(l)-C(6) 114.60(2) C(l)-N(l)-Zr(l) 112.94(4) 
N(3)-P(2)-C(10) 117.31(3) C(5)-N(l)-Zr(l) 123.38(3) 
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2.3 Experimental Section 
Materials: Zr(NMe2)4 is purchased from Aldrich and used without further 
purification. 2，6-(Me3SiN=PPh2CH2)2C5H3N was prepared according to literature 
procedures." 
Preparation of [Zr{(Me3SiNPPh2C)(Me3SiN=PPh2CH2)C5H3N-2，6}(NMe2)2l (46) 
A solution of 2，6-(Me3SiN=PPh2CH2)2C5H3N (2.74g，4.28mmol) in toluene (50ml) 
was added to the solution of Zr(NMe2)4 (1.62g, 4.30mmol) in toluene at room 
temperature. The yellow solution was stirred for 3 days. The volatiles were removed 
under reduced pressure and the residue was extracted with toluene. After filtration and 
addition of 7ml of CH2CI2, followed by concentration of filtrate, yellow crystals of 46 
were obtained. Yield: 2.30g (65%). Mp: 161°0 (dec). Anal. Calcd (%) for 
C4iH35N5P2Si2Zr .I/4CH2CI2： C, 58.34; H, 6.54; N，8.25; Found: C, 58.36; H，6.56; N， 
8 . 2 0 . 1 h N M R (CDCI3)： 6 = 0 . 1 6 (m, 18H, SiMej), 2 . 7 7 (d, y p . H = 1 5 Hz, 2 H , CH2)， 
3.41 (s, 12H, N(C//3)2)，6.75 (s，2H, Py), 6.98 - 7.05 (m, 6H, Ph), 7.31 - 7.45 (m, 
14H, Ph), 8.22 (m，IH, Py). ^^ C NMR (CDCI3)： d = 4.82 (m，SiMes), 28.09 (d, CH2)， 
45.64 (s，N(CH3)2)，55.09 (d，MesSiNPPhzQ, 103.49，121.23，126.02, 153.57, 155.41, 
160.37, 163.51, 165.64 (Py and Ph). ^^ P NMR (CDCI3): 8 = 28.43, 37.82 
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SYNTHESES AND CHARACTERIZATION OF 
BIS(PHOSPHORANOIMIDO)SAMARIUM (III) COMPLEXES 
3.1 Introduction 
3.1.1 A General Review of Lanthanide Complexes 
Lanthanide chemistry is one of the rapidly developing areas in organometallic 
chemistry. The catalytic activity of metallocenes of organolanthanides towards 
hydrogenation\ polymerization^, hydroamination^, hydrosilylatioi/ and 
hydrocarboration^ has been proven. 
In the past decade, the majority of these catalysts are metallocene derivatives. 
The usual formula of these active species is [Ln(r/5-C5Me5)2R], where R is hydride or 
hydrocarbyl. Linking the cyclopentadienyl ligand or changing the cyclopentadienyl 
substituent can enhance their catalytic activity. For example, [(C5H5)2LnCH3]2 ,^ 
[Sc(”5.Y_C5Me4SiMe2NBut)(/x-H)]27 and [Y(”5:”i_C5Me4SiMe2NCH2CH20Me)2Li]8 
have been reported. 
Recently, significant attention has been drawn to other anxillary ligand as the 
alternative for cyclopentadienyl type ligand. The anionic nitrogen-based bidentate or 
tridentate ligand system has been developed. These nitrogen-containing ligands can 
offer lower formal electron count and considered to be potentially active catalyst 
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fragment. Through the salt elimination between the lanthanide trichloride and alkali-
salt of corresponding ligand, the chloride containing complexes can be obtained. The 
reactive chloride group can be replaced by various other substituents such as hydride, 
alkyl, amide or alkoxide ligands. 
Duchateau and coworkers have used 7V,A^-bis(trimethylsilyl)benzamidinate 
to synthesize yttrium^ and group 4 metalcomplexes (Figure 3.1). The tendency to 
catalyze C-C bond formation by bisbenzamidinate stabilized complexes are lower 
than the corresponding Cp*2YR system. It is proposed that the contracted yttrium 
orbitals are less exposed than in dicyclopentadienyl derivatives. Thus the initiating 
interaction with substrate molecules in the polymerization is lower. 
Ph 
T M S �人 / T M S - ^ C 
\ / 、、、、録3 \M.,��\�CI \M.���\\CI 
T M S � Z , — C � T M S Z M � C | T M S 个 。 丨 
hi i s一 
p / T M S Ph T M S Ph T M S 
M = Zr, Hf M = Ti，Zr 
Figure 3.1 
Roesky and coworkers investigated bis(N-isopropyl-2-(isopropylamino)-
troponiminate), [(Pr')2(ATI)-] and bridged l,3-bis(2-(isopropylamino)troponiminate)-
propane, [[(Pr')TP]^] as cyclopentadienyl alternative for group 3 and the lanthanide 
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elements. For example, [{(Pr')2ATI}YCl2(THF)2)2] (47)"，[[{(Pr')TP}NdCl(THF)]2] 
(48)12，[[{(Pr')TP}LnCl]2] (49)^ ^ (Ln = Er, Yb) have been reported (Figure 3.2). The 
catalytic activity of the (aminotroponiminato)yttrium amides, 
[[(Pr')2ATI]2Y[N(SiMe3)2]], toward alkyne hydroamination has been studied. 
However, the catalytic activity of corresponding Cp*2Y system in hydroamination or 
cyclization of aminoalkynes is higher than (1)1� 
Y ? ？Y 知 Qr^  
47 48 
I n - L 卜 a 一 n 、 — 
M = Er, Yb 
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Figure 3.2 
Recently, our research group used 1-azally ligand as the alternative for 
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cyclopentadienyl ligand to synthesize a series of lanthanide metal complexes. These 
complexes have different structural types. For example, the chloride-bridge dimer 
[Pr2{{N(SiMe3)C(But)C(H)}2C6H4-l，4}2(/Z2-Cl)2] (50), the monomeric THF adduct 
[Ln2{{N(SiMe3)C(But)C(H)}2C6H4-l，4}Cl4(THF)6] (51) (Ln = Y, Er), the “ate，， 
complex with incorporation with alkali-chlorides [Ln{ {N(SiMe3)C(Bu^)-
C(H)}2C5H3N-2，6}(THF)(/z-Cl)2Li(THF)2] (52) (Ln = La, Pr, Sm), 
[Sm{ {N(SiMe3)C(Ph)C(SiMe3)}C5H4N-2}2( fi -Cl)2Li(THF)2] (53) and the 
monomeric solvent and salt-free lanthanide chloride 
[Ln{{N(SiMe3)C(Ph)C(SiMe3)}C5H4N-2}2(//-Cl)2 (54) (Ln = Gd, Dy, Er, Yb) have 
been reported (Figure 3.3).^ ^ 
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~ ~ t THF-Ln^ /SiMe3 
MesSi�N/ '\^SiMe3 b u ^ ^ W ^ Ln = Y, Er 
Bu»-< ； / N j / 阶 
X / = \ / / MesSjZ ,Ln、一THF 
‘ ~ C I CI 
50 51 
� X ) ] 
八 ” 八 r^ / 、 / " ^ z \ BufZ \ N - L n � N Z \But � N � N 
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Figure 3.3 
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3.1.2 General Aspect of Bis(phosphoranoimido)lanthanide Metal Complexes 
In the last 15 years, the designs and applications of amido ligand in transition 
metal have been reported. Amido ligand is similar to the cyclopentadienyl ligand. The 
resulting early transition metal compounds are catalytic active in homogenous 
catalysis or organic synthes is .Recent ly , much attention has been drawn to the 
application of P-N ligand in lanthanide chemistry. The P-N ligand has been used as a 
supporting ligand to group 3 metals lanthanide metal complexes. Roesky and co-
workers use phosphanamide ligand to synthesize homoleptic lanthanide complexes. 
[(Ph2PNPh)4Ln] (Ln = Y, Yb, Lu) was obtained by the transmetalation of 
[(Et20)Li(Ph2PNPh)]2 with corresponding lanthanide trichloride (Scheme 3.1).^ ^ 
T H F 
2[(Et20)Li(Ph2PNPh)]2 + LnCl3 — • [Li(THF)4][(Ph2PNPh)4Ln] -3 LiCl, 4 Et20 
Scheme 3.1 
In addition, Roesky and co-workers synthesized a series of lanthanide 
dichloride complexes, using [CH2(PPh2NSiMe3)2] as supporting ligand. By metathesis 
reaction of K[CH(PPh2NSiMe3)2] with anhydrous yttrium and lanthanide trichloride, 
[[{CH(PPh2NSiMe3)2}LnCl2]2] (Ln = Y, Sm, Dy, Er，Yb, Lu)^ '^'^  can be obtained 
(Scheme 3.2). 
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By using bis(phosphoranoimido)methane as supporting ligand, Cavell and co-
workers have reported the samarium carbene compound. [Sm{C(Ph2P=NSiMe3)2-
C，A^,"'}(NCy2)(THF)] was obtained by the amine elimination between the 
bis(phosphoranoimido)methane and [Sm(NCy2)3(THF)] (Scheme 3.3).'^ 
H2 / S i M e a ^ 
C \ Ph2P-=N > 
Ph2P PPh2 [Sm(NCy2)3(THF)]， ^ ^ S m ^ / / \ 
/N N p - = t / NCy2 




3.1.3 Synthesis and Structure of Bis(phosphoranoimido)dilithium Complex 
Recently, our group has synthesized the bis(phosphoranoimido)dilithium 
complex [Li2{{(Me3SiNPPh2CH)2}C5H3N-2,6}(THF)] (55) from the reaction of 
[(Me3SiN=PPh2CH2)2C5H3N-2，6] with two equivalents of LiBu" in THF at -78 °C 
(Scheme 3.4).^ ® 
PhsR. PPh2 THF, -78°C ph p^  ) pph 
\\ II \ z U 」 
/ \ / \ 
MegSi SiMea MesSi SiMea 
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Scheme 3.4 
The molecular structure of compound 55 is shown in Figure 3.4. The dianionic 
ligand bonds to two lithium atoms with different environment. One of the lithium 
atom is bonded to two imino nitrogens and the pyridyl nitrogen, while the other 
lithium is bonded to the NCCPN backbone and coordinated with a THF molecule. 
Due to the repulsion between two lithium atoms, one of the lithium is being pushed 
away from the pyridyl nitrogen and the methylene. The bonding within the NCCPN 
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ligand backbone is highly localized, and the C-C bond distance within the pyridyl ring 
is slightly lengthened. 
Fig. 3.4: ORTEP drawing of 55: hydrogen atoms are omitted for clarity. Selected bond 
distances [A] and angles [deg]: Li(l)-N(l) 2.09(6), Li(l)-N(2) 1.95(7)，Li(l)-N(3) 
2.05(6), Li(2)-N(l) 2.11(4), Li(2)-N(3) 2.12(9), Li(2)-C(5) 2.37(1), Li(2)-C(6) 2.26(9), 
Li(2)-0(1) 1.86(9)，C(5)-C(6) 1.44(8)，C(6)-P(2) 1.70(7), P(2)-N(3) 1.60(0); N(l)-
Li(l)-N(2) 108.63(0)，N(l)-Li(l)-N(3) 97.83(1), N(l)-Li(2)-N(3) 95.03(2), N(l)-
Li(2)-0(1) 117.13(0), N(3)-Li(2)-0(1) 147.63(2). 
The dianionic ligand is expected to be a good a- and n- donor. In addition, the 
steric and electronic properties of the ligand can be tuned by changing the substituents 
on the ligand backbone. In this chapter, the preparation and structural characterization 
of samarium metal complexes containing bis(phosphoranoimine) ligand 
[(Me3SiN=PR2CH2)2C5H3N-2’6] (R = Ph or Pr') will be reported. The 
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bis(phosphoranoimido)samariuni(III) complexes will be characterized by single-
crystal X-ray diffraction and spectroscopic methods. 
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3.2 Results and Discussion 
3.2.1 Synthesis and Characterization of Bis(phosphoranoimido)samarium(III) 
Complexes 
Metathesis reaction of the 55 with one equivalent of SmCb in THF at -78°C 
afforded samarium metal complex [Sm{{(Me3SiNPPh2CH)2}C5H3N-2，6}(/x-Cl2)-
Li(THF)2] (56). The yield of 56 was 21% (Scheme 3.5). 
^^ X 
Ph2P\ 1 入PPh2 THF，-78�C ‘ 
\ / / CI CI \ 
N-^ ^ ^ N MeaSi \ ^ SiMea 




The products obtained form the reaction mixture was difficult to purify and the 
isolated yield of 56 was low. However, the samarium complex can be prepared from a 
"one-pot" reaction. Treatment of neutral bis(phosphoranoimine) 
[(Me3SiN=PR2CH2)2C5H3N-2，6] (R = Ph or Pr') with one equivalent of samarium(III) 
chloride and two equivalents LiBu" in THF at -78�C afforded samarium compounds 
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[Sm {{(Me3SiNPPh2CH)2} C5H3N-2，6} (iLt-Cl2)Li(THF)2] (56) and 
[Sm{{(Me3SiNPPr'2CH)2}C5H3N-2，6}2(/x-Cl)]2 (57). The yields of 56 and 57 were in 
75% and 69%, respectively (Scheme 3.6). 
/ CI CI \ 
MesSi \ y SiMe3 
八 Li 
(i) ^ ^ ^ THF THF 
、 r ^ ^ r ^ 
N N\ (i) ^ ^ ^ ^ 
MegSi SiMea 
R = PhorPr' P气 \ J PPr'2 
\ ^ S m ^ / 
‘ MeaSi^  SiMea 
MegSi. \ / S^iMea 
57 
Reagents and condition: (i) SmCb, 2 eq. LiBu", THF, -78°C，12h 
Scheme 3.6 
3.2.2 Spectroscopic Properties of 56 and 57 
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Compounds 56 and 57 are extremely air- and moisture-sensitive red crystalline 
solids, soluble in EtzO and THF and sparingly soluble in hydrocarbon solvents. The 
structures of 56 and 57 have been confirmed by X-ray crystallography. Compounds 
56 and 57 are paramagnetic, no satisfactory NMR spectra have been obtained. They 
have been characterized by elemental analysis. The mass spectra of 56 and 57 had 
shown no significant peaks due to the molecular ions. 
3.2.3 Molecular Structures of [Sm{{(Me3SiNPPh2CH)2}C5H3N-2,6}(M-Cl2)-
Li(THF)2] (56) and [Sm{{(Me3SiNPPr'2CH)2}C5H3N-2，6}2(M-Cl)l2 (57) 
The molecular structures of 56 and 57 are shown in Figure 3.5 and 3.6， 
respectively. Selected bond distances (人）and angles (deg) of 56 and 57 are listed in 
Table 3.1 and Table 3.2，respectively. 
Compound 56 is an "ate" complex. The bis(phosphoranoimine) ligand is bonded 
in a N,N',N'-chQ\aXe fashion to the samarium center and displays a distorted 
pentagonal bipyramid geometry with the N(2) and C(l) atoms at the apical position. 
With the sharing of Sm(l)-N(l) edge, two strained six-membered metallacycles are 
formed. The ring of Sm(l)-N(l)-C(l)-C(6)-P(l)-N(2) adopts a "boat" conformation in 
which C(6) atom and the samarium atom are displaced form the N( 1 )-C( 1 )-P( 1 )-N(2) 
least-square plane. 
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Compound 57 is a dimeric complex in the solid state. The samarium metal 
centers are bridged asymmetrically by two chlorine atoms and adopt distorted 
pentagonal bipyramid geometry with the N(l) and Cl(2) atoms at the apical position. 
A crystallographic inversion center is observed in the center of the Sm-Cl(l)-Sm’-
Cl(2) plane. The angle of the Cl(l)-Sm(l)-Cl(2) (81.6(5)。）and Sm-Cl(l)-Sm(l)#l 
(104.1(1)°) in the central Sm-Cl(l)-Sm’-Cl(2) ring are comparable than those of 
76.9(9)�and 103.0(1)�in [{{CH(PPh2NSiMe3)2}SmCl2h].i8 Similar to the structure 
of 56, two six-membered metallacycles share the common Sm-N(3) edge. A "boat" 
conformation is found in the ring of Sm-N(3)-C(ll)-C(10)-P(l)-N(l). The C(10) and 
samarium atom are placed at the bow and stem position. 
The bond distance between the C(6) and the samarium atom of 2.631(6)人 in 56 
and the bond distance between the C(10) and the samarium atom of 2.646(1 )A in 57 
are similar to those Sm-C bonds of 2.697(2)A in [(r;^-5H5)2Sm{CH(PPh2NSiMe3)2}]^^ 
2.720(5)A found in [[{CH(PPh2NSiMe3)2}SmCl2]2]i8 and 2.713(1)A in 
[{(C5H4Me)2(THF)Sm0i-Cl)}2]2i. The Sm-C bond distances of 56 and 57 are 
significantly longer than that observed in the carbene-like complex 
[Cy2NSm(THF){C(PPh2NSiMe3)2}](2.467� A).i9 
The average Sm-N(imino) bond distance of2.416(3 ) A in 56 and 2.481(3)入 in 57 
are comparable to those of 2.391(4) A and 2.400(4) A in 
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[[{CH(PPh2NSiMe3)2}SmCl2]2:r8，2.323(2)A, 2.405(2)A and 2 . 4 2 5 � A in 
[Sm{ {N(SiMe3)C(But)C(H)}2C5H3N-2，6}(THF)(/i-Cl)2Li(THF)2]i3 and 2.472(2)A 
and 2.436(2)A in [Sm(7]^ -C5Me5)2(T? -^N2CioH8)]^ l The Sm-Cl bond distance of 
2.729(1)A and 2.766(1)A in 56 are similar to those 2.784(9)A and 2.786(3)A in 
[Sm{{N(SiMe3)C(But)C(H)}2C5H3N-2，6}(THF)(/>t-Cl)2Li(THF)2]i3 and 2.759(3)A in 
[Sm(r/5-C5H4Me)2(THF)(/x-Cl)]22i. In 57，the difference in bond distance between the 
Sm-Cl (2.817(3)A and 2.584(1)A) is larger than those 2.759(3)入 and 2.819(3)A in 
[{(C5H4Me)2(THF)Sm(/x-Cl)}2].2i 
The P-C bonds on average, 1.731(5)A in 56 and 1.747(6)A in 57，are similar to 
those of 1.726(6)A in 36，whereas, the average P-N bond distance of 1.622(4)人 in 56 
and 1.638(0)人 in 57 are longer than those in 36 of 1.565(5)A. This suggests the 
existence of considerable delocalization throughout the C-P-N backbone of ligand. 
Due to the interaction between Sm(l) with C(l) and C(6) in 56, the C(l)-C(6) bond 
distance of 1.44A is slightly longer than C(10)-C(5) bond distance of 1.39A. Similarly, 
in compound 57, the C(10)-C(ll) bond distance of 1.476(1)人 is slightly longer than 
the bond length of C(16)-C(15) (1.444(1)人).In addition, the C-C bond distances 
within the pyridyl ring of both 56 and 57 are slightly shortened. In the case of 36，the 
average C-C bond distance is about 1.443(5)A, where the average C-C bond distances 
of 1 .394(0)A in 56 and 1.400(3)A in 57. 
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C 3 5 C34 
Figure 3.5. Molecular structure of [Sm {{(MesSiNPPhzCH)!} C5H3N-2,6} (/x-Cb)-
Li(THF)2] (56) (Thermal ellipsoids are shown at 30% probability levels) 
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Table 3.1. Selected bond distances (A) and angles (deg) for compound 56 
[Sm{{(Me3SiNPPh2CH)2}C5H3N-2，6}(^ i-Cl2)Li(THF)2] (56) 
Sm(l)-N(l) 2.395(4) C(l)-C(6) 1.447(8) 
Sm(l)-N(2) 2.444(4) C(5)-C(10) 1.393(7) 
Sm(l)-N(3) 2.410(4) P(l)-N(2) 1.617(5) 
Sm(l)-C(l) 2.872(6) P(2)-N(3) 1.627(4) 
Sm(l)-C(6) 2.634(6) P(l)-C(6) 1.747(5) 
Sm(l)-CI(l) 2.729(1) P(2)-C(10) 1.715(5) 
Sm(l)-Cl(2) 2.766(1) N(l)-C(5) 1.377(6) 
N(l)-C(l) 1.364(7) 
N(l)-Sm(l)-N(2) 93.17(1) Cl(2)-Sm(l)-C(6) 91.94(1) 
N(l)-Sm(l)-N(3) 81.95(2) Cl(2)-Sm(l)-N(2) 90.09(1) 
N(l)-Sm(l)-Cl(l) 84.51(1) Sm(l)-Cl(l)-Li(l) 92.33(0) 
N( 1 )-Sm( 1 )-Cl(2) 142.22( 1) Sm( 1 )-Cl(2)-Li( 1) 89.43(0) 
N(l)-Sm(l)-C(l) 28.21(2) Sm(l)-N(2)-P(l) 99.66(2) 
N(l)-Sm(l)-C(6) 66.19(2) Sm(l)-N(3)-P(2) 119.52(0) 
N(2)-Sm(l)-Cl(l) 159.23(1) N(2)-P(l)-C(6) 111.13(0) 
Cl(l)-Sm(l)-N(3) 96.41(1) N(3)-P(2)-C(10) 116.92(0) 
N(3)-Sm(l)-C(l) 110.16(1) C �-C(6)-P(l) 123.54(0) 
C(l)-Sm(l)-C(6) 30.10(2) C(5)-C(10)-P(2) 123.54(0) 
C(6)-Sm(l)-N(l) 55.82(2) C(6)-C � - N ( l ) 114.35(1) 
Cl(2)-Sm(l)-Cl(l) 7.53(5) C(10)-C(5)-N(l) 119.94(2) 
Cl(2)-Sm(l)-N(3) 133.53(1) C(l)-N(l)-Sm(l) 95.73(9) 




Figure 3.6. Molecular structure of [Sm{{(Me3SiNPPr'2CH)2}C5H3N-2,6}2(/x-Cl)]2 (57) 
(Thermal ellipsoids are shown at 30% probability levels) 
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Table 3.2. Selected bond distances (A) and angles (deg) for compound 57 
[Sm{{(Me3SiNPPr'2CH)2}C5H3N-2，6}2(^ i-Cl)]2 (57) 
Sm(l)-N(l) 2.527(8) C(10)-C(ll) 1.476(2) 
Sm(l)-N(2) 2.495(9) C(15)-C(16) 1.444(2) 
Sm(l)-N(3) 2.421(8) P(l)-N(l) 1.617(9) 
Sm(l)-C(10) 2.646(1) P(2)-N(2) 1.658(9) 
Sm(l)-C(ll) 2.888(1) P(l)-C(10) 1.761(1) 
Sm(l)-Cl(l) 2.817(3) P(2)-C(16) 1.734(1) 
Sm � - C l ( 2 ) 2.584(2) N(3)-C(ll) 1.395(1) 
N(3)-C(15) 1.370(2) 
N( 1 )-Sm( 1 )-N(2) 101.43(1) CI(2)-Sm( 1 )-C( 11) 85.23(3) 
N( 1 )-Sm( 1 )-N(3) 91.23(3) Cl(2)-Sm(l )-C( 10) 100.82(1) 
N(l)-Sm(l)-CI(l) 86.52(0) Sm(l)-Cl(l)-Sm(l)#l 92.67(1) 
N( 1 )-Sm( 1 )-CI(2) 161.54(5) Sm( 1 )-Cl(2)-Sm( 1)#1 104.10(0) 
N(l)-Sm(l)-C(ll) 85.73(3) Sm(l)-N(l)-P(l) 96.24(2) 
N(l)-Sm(l )-C( 10) 64.33(5) Sm( 1 )-N(2)-P(2) 117.64(6) 
N(2)-Sm(l)-N(3) 80.93(9) N(l)-P(l)-C(10) 109.35(5) 
N(3)-Sm(l)-C(ll) 28.83(3) N(2)-P(2)-C(16) 116.25(0) 
C(10)-Sm(l)-C(ll) 30.54(4) C(ll)-C(10)-P(l) 122.98(7) 
C(10)-Sm(l)-Cl(l) 86.73(8) C(15)-C(16)-P(2) 123.21(0) 
Cl(l)-Sm(l)-N(2) 139.61(2) C(10)-C(ll)-N(3) 112.79(8) 
Cl(2)-Sm( l)-Cl(l) 81.65(0) C( 16)-C( 15)-N(3) 117.71(0) 
Cl(2)-Sm( 1 )-N(2) 96.84(4) C( 11 )-N(3)-Sm( 1) 94.66(6) 
Cl(2)-Sm(l)-N(3) 88.64(7) C(15)-N(3)-Sm(l) 130.87(4) 
Symmetry transformations used to generate equivalent atoms: 
#1 -X, y, -z+1/2 
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3.3 Experimental Section 
Materials: SmCls and LiBu" were purchased from Aldrich and used without further 
purification. 2,6-(Me3SiN=PPh2CH2)2C5H3N，2，6-(Me3SiN=PPr'2CH2)2C5H3N and 
[U2 {{(Me3SiNPPh2CH)2}C5H3N-2,6} (THF)] (55) were prepared according to the 
literature procedures.^ ® 
Preparation of [Sm{{(Me3SiNPPh2CH)2}C5H3N-2，6}(/i-Cl2)Li(THF)2] (56) 
Method A: A solution of [Li2{{(Me3SiNPPh2CH)2}C5H3N-2，6}(THF)] (55) (0.58g, 
0.91 mmol) in THF (30ml) was added slowly to the suspension of SmCb (O.llg, 0.91 
mmol) in THF (30 m l ) at -78°C. The red solution was raised to ambient temperature 
and stirred for 12h. The volatiles were removed under reduced pressure and the 
residue was extracted with EtaO. The red mixture was filtered and concentrated, red 
crystals of title compounds were obtained. Yield: 0.22g (21%). M.p.: 195°C (dec). 
Anal. Calcd (%) for C46H62Cl2LiN302P2Si2Sm.2THF: C，54.94; H, 6.74; N，356; 
Found: C, 55.03; H, 5.81; N, 4.82 
Method B: A solution of 2，6-(Me3SiN=PPh2CH2)2C5H3N (1.15g, l.Smmol) in THF 
(15ml) was added to the suspension of SmCb (0.2Ig，l.Smmol) in THF (15ml) at 
24°C. LiBu" (1.4ml, 1.6M in hexane, 2.20mmol) was added slowly at -78°C. The 
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reaction mixture was warmed to room temperature and stirred for 8h. Filtration 
followed by concentration of the solution and cooling at -30°C yielded 56 as red 
crystals. Yield: 1.40g (75%). 
Preparation of [Sm{{(Me3SiNPPr'2CH)2}CsH3N-2,6}2(ji-Cl)l2 (57) 
A solution of 2，6-(Me3SiN=PPr'2CH2)2C5H3N (1.85g, 3.60mmol) in THF (15ml) was 
added slowly to the suspension of SmCb (0.43g, 3.60mmol) in THF (15ml) at 24°C. 
LiBu" (2.3ml, 1.6M in hexane, 3.68mmol) was added slowly to the reaction mixture at 
-78°C. The red solution was stirred raised to ambient temperature and stirred for 18 h. 
The solvent was then evaporated in vacuo and the residue was extracted with 20 ml of 
Et20. The red mixture was filtered and concentrated, red crystals of title compounds 
were obtained. Yield: 3.34g (69%). Mp: 185 °C (dec). Anal. Calcd (%) for 
C46H98Cl2N6P4Si4Sm2.2THF: C, 43.61; H, 7.73; N, 5.65; Found: C, 43.01; H, 7.75; N, 
4.96. 
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Appendix I 
A. General Procedures 
All experiments were performed under nitrogen atmosphere using standard 
Schlenk techniques. Solvents were dried over and freshly distilled, under nitrogen, 
from CaH2 (hexane), sodium benzophenone ketyl (THF, Et20), sodium/potassium 
alloy (pentane, toluene) and degassed twice by freeze-thaw cycle prior to use. 
B. Physical and Analytical Measurements 
(i) Spectroscopic Measurements 
1 h NMR spectra were recorded at 300.13MHz using a Bruker DPX-300 
spectrometer. Chemical Shifts were referenced to 6 7.15 for CeDe and b 7.24 for 
CDCI3 
13c NMR spectra were recorded at 300.13 MHz, using a Bruker DPX-300 
spectrometer. Chemical Shifts were referenced to 8 128.00 for CeDe and 6 77.00 for 
CDCI3. 
P NMR spectra were recorded using an ESfOVA Varian 400 spectrometer. 
(ii) Microanalysis 
Elemental (C, H, N) analysis was performed by MED AC Ltd., Department of 
Chemistry, Brunei University, Uxbridge, Middlesex, U.K. 
Mass spectral data were recorded on a 5989-In mass spectrometer. 
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(iii) Melting Point Measurements 
Melting points were recorded on an Electrochemical Melting Point Apparatus 
and were uncorrected. 
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Appendix II 
Table A. 1. Selected Crystallographic Data for Compounds 36, 37 and 38 
Table A.2. Selected Crystallographic Data for Compounds 39, 41 and 46 
Table A.3. Selected Crystallographic Data for Compounds 56 and 57 
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Table A.I. Selected Crystallographic Data for Compounds 36, 37 and 38 
^ ^ ^ 
Formula CsvHAsLiNgPzSiz CzsHszLiNsPzSiz C4,H55ClCoN30P2Si2 
Fw 656.82 519.76 818.38 
Color Orange Orange Dark green 
cryst syst Triclinic Monoclinic Triclinic 
space group PT P2i/c PT 
a (A) 13.795(3) 15.798(3) 11.633(9) 
b(A) 18.707(4) 16.691(3) 13.602(10) 
c(人） 19.012(4) 12.849(3) 15.483(11) 
a (deg) 108.56(3) 90.00(0) 86.27(2) 
(3 (deg) 93.40(3) 103.03(3) 73.45(9) 
7 (deg) 109.52(3) 90.00(0) 69.93(2) 
F(A') 4305.89(15) 3300.8(11) 2204.8(3) 
Z 4 4 2 
dcaicdig cm"') 1.013 1.046 1.233 
Ai(mn-丨） 0 .182 0 .221 0 .610 
厂(000) 1396 1136 864 
cryst size (mm) 0.20 xO.lSx 0.10 0.50 x 0.40 x 0.30 0.40 x 0.30 x 0.10 
26 range (deg) 1.15-25.00 2.03-25.01 1.94-28.01 
index range -16<A< 15, -18</i< 18, -15 </i < 15, 
0<A:<19, -19<A:<0, -17<A:<11, 
-22</<21 0</< 15 -19</<20 
no. of rflns collected 9871 6087 15051 
no. of indep rflns 9871 5806 10426 
Rl, wR2 (/> 2(0)1) 0.1274, 0.3462 0.0678，0.1692 0.0606，0.1332 
Rl, wR2 (all data) 0.1548,0.3675 0.1883,0.2131 0.1383,0.1643 
Goodness of fit, F^  1.360 0.969 0.923 
no. of data/restraints/params 9871/0/811 5806/0/298 10426/0/460 
largest diff peaks, eA'^  1.761 to -0.430 0.247 to -0.357 0.540 to -0.393 
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Table A.2. Selected Crystallographic Data for Compounds 39，41 and 46 
39 41 46 
Formula C37H44ClMnN3P2Si2 CzsHszClMnNsPaSi: CiiHssNsPzSiaZr 
Fw 739.26 603.21 827.24 
Color Red Red Yellow 
cryst syst Monoclinic Monoclinic Triclinic 
space group P2i/n PT PT 
a ( A ) 12.416(3) 12.574(3) 10.876(6) 
b { A ) 21.577(4) 16.000(3) 11.663(7) 
c(A) 14.922(3) 17.438(4) 17.809(5) 
a(deg) 90.00(0) 90.00(0) 94.69(10) 
(3 (deg) 92.36(3) 109.82(3) 105.17(10) 
7(deg) 90.00(0) 90.00(0) 101.602(0) 
V ( A ' ) 3994.1(14) 3300.5(11) 2114.2(2) 
Z 4 4 2 
dcaicdig cm-^) 1.229 1.214 1.299 
Ai(mn-i) 0.566 0.669 0.427 
厂(000) 1548 1292 868 
cryst size (mm) 0.50 x 0.30 x 0.20 0.50 x 0.40 x 0.30 0.40 x 0.30 x 0.20 
26 range (deg) 1.66-25.51 2.14-25.00 1.2-25.00 
index range 0<h<\5, 0<h<\4, -\2<h<\2, 
-26 < A： <26, 0<A:< 19, -13<A:< 11, 
-18</< 18 -20</<19 -21 </<20 
no. of rflns collected 12150 6084 11516 
no. ofindeprflns 6969 5804 7394 
Rl，wR2 (/>2(a)7) 0.0406，0.1015 0.0531，0.1353 0.0583,0.1337 
Rl, wR2 (all data) 0.0465,0.1050 0.1090，0.1561 0.0980，0.1556 
Goodness of fit, 1.118 1.016 1.005 
no. ofdata/restraints/params 6969/0/415 5804/0/307 7394/0/460 
largest diff peaks, eA'^  0.218 to -0.178 0.301 to -0.688 0.691 to -0.532 
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Table A.3. Selected Crystallographic Data for Compounds 56 and 57 
^ ^ 
Formula CAsHsgClzLiNsOzPzSizSm C5oH,o2Cl2N6P4Si4Sm2 
Fw 1020.26 1395.22 
Color Red Red 
cryst syst Triclinic Monoclinic » 
space group PT C2/c 
a (A) 11.409(2) 21.371(4) 
b (A) 12.933(3) 12.033(2) 
c (人） 18.251(4) 28.102(6) 
a (deg) 95.57(3) 90.00(0) 
iS(deg) 98.55(3) 99.01(3) 
7 (deg) 107.44(3) 90.00(0) 
V{k^) 2511.8(9) 7138(2) 
Z 2 4 
dcaicdig cm"') 1.349 1.298 
/x(mn-i) 1.423 1.894 
F(000) 1046 2872 
cryst size (mm) 0.50 x 0.40 x 0.30 0.50 x 0.40 x 0.20 
26 range (deg) 1.14-25.56 1.95-25.00 
index range -\2<h< 12, 0<h<25, 
0<k<\5, -\4<k<\4, 
-22<l<22 -33 </<32 
no. of rflns collected 8307 9167 
no. ofindep rflns 8307 5396 
Rl, wR2 (/�2(ff)7) 0.0584, 0.1637 0.0777，0.2095 
Rl, wR2 (all data) 0.0597, 0.1673 0.0896，0.2207 
Goodness of fit, F^  1.057 1.166 
no. of 8307/0/524 5396/6/308 
data/restraints/params 




















































 . , : 、


































































 . ， .
 .
 • 












































• ) _ . ： . . . 、 . . 
, -# -
CUHK Libr雄 r1_s IIIIIIIIIM 
004306735 
